The study examines historic occupational lead poisoning (occupational plumbism) amongst the mining labour force at Tyndrum lead mine in the Scottish southern highlands in the eighteenth and nineteenth centuries set against the backdrop of the wider national context.
Introduction
From around 3500BC onwards lead has been highly valued for its malleable, ductile, and non-corrosive properties and also its ability to combine readily with other metals to form alloys. 1 Historically the uses of lead have been many and varied, including cooking pots, coffins, water piping and decorative objects; as well as a sweetening agent, cosmetics, an abortifacient, a spermicide pigment in paints and ceramic glazes also for radiation shields, in batteries; ammunition and as an additive in petrol. Yet the metal also has a long history of recognition as a harmful to all life and an association with occupational ill health particularly amongst the white lead, pottery and earthenware trades. 2 Lead is an accumulative poison and is stored in bone where it has 'an extremely long half-life', and in teeth where it hinders mineralisation of tooth enamel and is associated with who worked with the raw material; the lead ore. Underground and surface labour, particularly at the dressing floor, as Nriagu points out, 'handled it, inhaled it and ingested it', 'in short' he comments, they 'wallowed in it'. 13 Lead ore required dressing (processing) before smelting. The ore was initially washed and then it was repeatedly crushed or milled and separated from the waste rock hydro-dynamically either by sieving or buddling (separation by gravity in water). The lack of occupational health history is surprising given that the dressing floors were similarly dominated by women but particularly children who were at greater risk of exposure.
Occupational health histories of mining labour have been characterised by an emphasis on accidental injuries and their prevention in the underground working environment, particularly in the coal sector. 14 Whilst there has been some recent interest in occupational diseases amongst both coal and metal miners, the focus to date has largely been on the unhealthy underground environment and on the pneumoconioses (of which silicosis was the common cause of death amongst metal miners) and ankylostomiasis, a parasitic infection of the small intestine classified as industrially generated and compensatable in 1906. 15 Whilst there are no comprehensive studies on historic occupational plumbism amongst mine labour and knowledge is sparse there are isolated references in the literature indicating that exposure to lead amongst all three classes of labour, miners, ore dressers and smelters, may have been problematic. What is not known is the extent to which these were isolated incidences or evidence of a wider problem. Burt in his history of the British lead mining industry briefly comments on the increased risk of occupational plumbism for miners from sustained contact with wet and contaminated work clothing. 16 There are also some early observations in the US context, McCord suggests a high incidence of poisoning 13 Nriagu, Lead and Lead Poisoning in Antiquity, p. 311. amongst hard rock silver miners in Utah and Colorado from the last quarter of the nineteenth century onwards. 17 He estimates that between 1882 and 1902 the Bullion-Beck and Eureka Hill mines were responsible for poisoning over 6,000 miners, and he also notes that every 'tram mule' died within a year of purchase. 18 Most regional British histories make reference to the hazards of smelting heavy metals. Early smelt mills consisted of a hearth and a short stack. They were inefficient and dirty; discharging fumes within the immediate environment of the hearth. The fumes were particularly hazardous because of their small particle size. For example, Hunt in his study of lead miners in the Northern Pennines opens a window onto the 'unwholesome' conditions at Langley Mill where tenants were enticed with free rent and fuel to occupy the cottages adjacent to the smelter. 19 Turnbull also draws attention to the loss of livestock including horses, ponies, cows and sheep at the neighbouring farm which resulted in a payment of £175 compensation in 1779. 20 Hamilton has similarly drawn attention to problems of poisoning in the US western mining districts and amongst lead smelters and refiners working at the surface of the mines. 21 In terms of surface labour, there are far fewer references in the literature to the ore dressers. Burt, noted that the increased exposure from work clothing applied equally to surface workers as well as miners. 22 Mayers has dedicated a short chapter on occupational health and mortality in her study of Cornish bâl maidens, who dressed copper and tin ore for smelting and likewise Schwartz and Parker have discussed wider social and working conditions in their study of the Cornish mining Parish of Lanner. 23 Myers, in particular, has suggested that heavy metals poisoning particularly from arsenic, did occur. 'Mundic water', water contaminated with iron, copper and arsenic, was alleged to have caused gynaecological problems amongst the women surface workers at Wheal Vor and arsenic dust was recognised as causing skin rashes around the mouth, ankles and wrists of the women and also when it became trapped in folds of skin. She also comments that mining management paid little attention to the fact workers laboured with, and in close proximity to, hazardous substances. 24 The methods and machinery for the separation of all metalliferous ores was similar and it is likely that the lead ore dressers suffered similar risks of exposure. 25 Whilst the primary aim of this study is to increase the knowledge and understanding of the risk of occupational exposure to lead and incidence of poisoning amongst mining labour, it was initiated by a recent landscape biography of an abandoned lead mine site at Tyndrum, Stirlingshire in the southern Scottish highlands. This project examined the relationship between historic mining and pollution and suggested that there is a clear association between environmental lead values and the quantity of ore extracted at the mine rather than with a particular period or technological innovation in the history of mining at the site.
A similar relationship between production and pollution has also been previously established at Leadhills mine, Scotland's largest producer of lead ore, located in the southern uplands. 26 The Tyndrum study also indicated that of the three processes carried out at the mine; extraction, ore dressing and smelting, it was the dressing processes that consistently generated the highest lead concentrations within the mine environment.
Current lead values were in some instances 200 times greater than background levels. 27 The landscape biography of the Tyndrum mine site raises several key questions for the study of historic occupational plumbism. Did the pollution production correlation follow through into health? McCord has suggested that the number of poisoning cases in the US context directly reflected production at the mine. 28 sense that during periods of increased ore extraction, productivity at the dressing floor and smelt mill would also have increased and the workforce would be at greater risk of exposure to the heavy metal. Moreover, although there are very few references in the literature to poisoning amongst the ore dressers, this class of mine labour created and had regular contact with higher environmental values. So was their risk of exposure moderated in some way by the factors that mediate absorption such as dose, bio-availability and duration of exposure? Whilst this study seeks to answer these questions, more broadly it also examines the value of the environmental record in the exploration of historic risk and incidence of occupational plumbism; can the present lead legacy help in the understanding of the problems of the past?
This study returns to Tyndrum mine and its workforce in the eighteenth and nineteenth centuries. This will allow linkage between the current environmental record at the site and historic health events. Moreover the historic pattern of development and operation at the mine reflects the British context. For example the pattern of alternating periods of activity and idleness and attendant changes in the ownership of the mineral rights in response to fluctuating ore prices on the world market; the pyramidal structure of the industry where a few large mines produced the majority of Britain's output and were supported by a greater number of medium-sized ventures and an even greater number of small mines, such as Tyndrum that operated on the margins of the industry; the pre-industrial model of dual labour adopted by the workforce who both mined and farmed; the absence of women employed underground and the application of similar technologies, such as water and later steam power as mining industrialised. 29 These similarities permit wider conclusions to be drawn. The focus on a Scottish venture also helps plug yet another gap in the literature. In comparison to the history of English and Welsh metal mining, study of the industry north of the border is very sparse and largely confined to T. C. The integrated study takes the reader on a problem solving journey of false starts and blind alleys before concluding that occupational plumbism occurred across all underground and surface mining occupations, yet despite exposure to exceptionally high levels of bioavailable lead in the working environment, particularly at Tyndrum, incidence of poisoning was often absent or at low level and scattered and bears little association to the production pollution relationship. Although it proved impossible to establish the full extent of suffering due to observational biases, lack of medical understanding and difficulties in diagnosis, recorded incidences correlate more persuasively with the length of time the workforce were exposed to the contaminated environment. Moreover, this exposure was minimised by a variety of protective influences that were in operation, by default rather than by design, in the working environment. These included material factors such as diet and weather conditions, technological considerations such as the adoption of long chimney flues and application of mechanical power and social conditions, such as patterns of employment.
Scottish lead mining and Tyndrum mine
Although lead ore has a wide distribution and was mined in almost every Scottish shire, the nation was not a major producer. 34 From the second half of the seventeenth century only six locations sustained intermittent activity; Islay, Leadhills, Minigaff, Strontian, Wanlockhead and Tyndrum. 35 The development and operation of Tyndrum mine has been documented elsewhere and only a brief history is offered below in order to contextualise the social conditions and health of the workforce. 36 Tyndrum mine is located on the northern flanks of Stron Nan Colon (known as Minehill) at an altitude of between 200 to 500m to the west of Tyndrum village in Stirlingshire, (formally highland Perthshire). In spite of a promising start the lead ore was not proven at depth and dwindling production across time can be clearly discerned in 36 Moreton 'Lead mines of Tyndrum'. extraction and processing. Production was further hampered by the isolated location which thwarted economic transportation of lead, (ore and metal) to market and a supply of coal in to the site which effectively rendered the operation reliant on peat for fuel and water for power for most of its history. The mine operated at the margins of the industry. To give an indication of the declining profitability, the second marquis, between 1837 and 1856, spent around £30,500 on the operation of the mine, whilst income for the same period only amounted to around £8,500 making a total loss of £24,150. 37 In spite of the obstacles the mineral rights were intermittently leased from 1730 through to 1928 by a variety of mining companies (see table one). Ore was initially hand dressed at the site in rudimentary shelters and smelted at Dalree located roughly 3 kilometres east of the mine. During their lease the SMC rebuilt the smelter which had fallen into disrepair and introduced mechanical hammers at the foot of Minehill to assist hand dressing and overcome the increasingly complex mineralisation. During the nineteenth century the second marquis agreed to the construction of a secondary dressing floor with water powered crushing mill and a buddling system (a process of separating the ore from waste suspended in water by gravity) at Glengary situated roughly 1.5 kilometres east of the main site. Ore at this point in the history of the mine was sold on the Welsh market and smelted off-site. 
Lead and labour
Around 140 hands were employed at the mine at its peak and were primarily drawn from the wider Campbell estate, by the nineteenth century this had dwindled to around 60. 38 The men worked a bargain system negotiated every six months that was similar to the Welsh and English sectors, in two eight hour shifts beginning at 4 am and midday. 39 This was reduced to six hours during the SMC lease, surface labour worked longer shifts, around 12 to 14 hours for the smelters. 40 Bargains were for raising ore, driving per fathom or washing and dressing ore or a combination of raising, washing and dressing. By the early 1840s a miner's weekly wage was around seven shillings, this compared unfavourably with national context where the weekly wage fluctuated around fifteen shillings. 41 Also similarly to the industry south of the border no women were employed underground. 42 As part of the commercialisation of the Campbell estate in the eighteenth century, the first marquis brought in wool workers to teach the wives and daughters of his tenants spinning and weaving skills, and flax was also cultivated for the production of linen. 43 Although the names of the widows of three miners appear in the SMC's bargain books in 1790, James Stirling, the SMC manager subsequently ordered their removal and they were probably employed in ore dressing or 'wheeling out'. 44 In terms of surface labour, juvenile females were employed alongside young boys, but this practice was actively discouraged by the German managers from the early 1840s. 45 Of the 140 workers at the mine in the eighteenth century two were recorded as smelters, 40 were employed as 'washers' along with 35 surface labourers, unfortunately no breakdown by age or gender is recorded. 46 During the nineteenth century operations, roughly 20 males under 15 years of age sorted, washed and sieved small ore and slimes, and around 14 males aged between 15-20 years separated and crushed the larger rock pieces with by hand before processing at the crushing mill. 47 At the dressing floor the workforce were continually exposed both to lead laden dust from breaking and crushing rock and from contaminated water. 48 They were fortunate at Tyndrum that the smelt mill was located roughly three kilometres downwind of the mine.
Surface labour did however work in close proximity to the wastes. Technological innovations in smelting from the late eighteenth century demanded progressively smaller reductions of the ore, this resulted in finer waste 'slimes' or tailings and increased the risk of exposure.
There was also no environmental protection until the mid-twentieth century and mining companies could extract the ore and dump heavy metal laden waste without restriction.
Contaminated water was simply returned to source, and the slimes were spaded from the buddles into heaps and allowed to accumulate randomly around the dressing floor. 49 These eventually dried out and became vulnerable to wind erosion.
Yet in terms of general health and wellbeing, the population of Tyndrum in the 1790s was described in the Old Statistical Account as 'very healthy' and this was attributed to their 43 Easson, 'Environmental Degradation', p. 19.
44 SMCJ DK.7.283.
45 NRS GD112/18/8/7/18 and GD112/18/7/2/3. 46 Moreton, 'Lead Mines of Tyndrum', 15.
47 NRS GD112/18/8/7/18 and GD112/18/9/2/3. 48 For discussion of the processes involved see Burt, History of British Ore Preparation Techniques.
'sober' as well as their 'industrious lifestyle'. A lifespan of seventy to eighty years was not unusual. The common illnesses amongst the population were noted as pleurisy and rheumatism and these were attributed to the cold damp climate rather than to occupation. 50 By 1838 the picture was much bleaker, the miners' cottages were described as being in a miserable state and needing much repair. 51 A lack of cleanliness in the home and habits was also recorded and the settlement was plagued with outbreaks of infectious diseases particularly amongst the children. 52 Overcrowding had also become a problem with 173 people squeezed into 39 dwellings. 53 Of those households, around nine also accommodated lodgers, a practice encouraged by the marquis to meet the increased demand for labour at the mine. 54 A study by Easson in 2011 that compared Census data with statutory death certificates for the period 1841 to 1925 amongst Tyndrum residents largely upholds the original observation of longevity. Seven of the 36 inhabitants that Easson traced in the records lived well into their eightieth year, four of whom were recorded as miners and one as an ore dresser. 55 The annual average rate of accident mortality at the mine was around 0.5 per 1000 men this was significantly lower than the estimated rate of 6 per 1000 Cornish tin and copper miners and 2 per 1000 northern lead miners in roughly the same period. 56 What is clear from Easson's analysis is the prevalence of respiratory diseases, such as phthisis, asthma, consumption and bronchitis, amongst the inhabitants who were or had been employed at the mine. Although the Tyndrum miners rarely died young, the incidence of chronic respiratory diseases parallels incidence of disease amongst Gilpin simply noted in 1776 that the mining was 'destructive of health' and the men were of 'infirm frame' with 'squalid looks'. 64 In 1842, the village doctor James Martin commented on 'paralyses of the muscles' particularly in the upper limbs, again it is unclear which class of worker was actually suffering. Martin also raised concern about the risk of poisoning that the juvenile males were exposed to when they were employed to clean the smelter flue. 65 Again paralysis is identified as the cause of death for three men and one of colic in Martin's 'Medicostatistical Report for 1841' which may indicate poisoning. 66 It was not just human health that was at risk but livestock too. A 'cow gang' was employed at the mine to keep animals away from both the dressing floors and areas polluted by 'effluent and fume '. 67 It is tempting at this point in the study to argue that the relationship between production and pollution suggested in the landscape study may follow through into health and increased incidence of poisoning. At Leadhills an average of 2,000 tons of ore was raised per annum, which generated greater concentrations of lead in the environment which ranged between 21,200 mg per kg and 75,500 mg per kg. 68 Whereas at Tyndrum, even during Clifton's period of peak production, an average of only 424 tons was raised annually.
Concomitantly, pollution values were much lower ranging from 43 mg per kg to 43,036 mg per kg. 69 An association between increased production and poisoning potentially follows also Yet despite the environmental concerns surface, by the 1860s work at the surface of the mine was not perceived as 'injurious' to health. 87 Recorded incidence of occupational plumbism in both in the Scottish and the wider national context appears to be of a fairly low incidence and confined to either the smelting process or specific mines and or regional ore fields; Leadhills, Derbyshire, Yorkshire and North Wales. All of these regions were major producers of lead at varying points in their respective histories , 88 and this adds additional support to an association between production, pollution and ill-health.
Cotemporary Understanding of Plumbism and Perceptions of Risk in the National Context
There are however several factors that challenge this assumption. Individual mines are rarely named in the evidence and without reliable production data it is impossible quantify an association between major lead producers and incidence of poisoning in the wider context and any association may simply reflect the fact that contemporary observers, including the Children's Employment and Kinnaird Commissioners only visited the major mining regions.
Whilst the low level and scattered incidence of poisoning cases in the national context may reflect a lack of observation and/or recording rather than an accurate reflection of morbidity, low incidence may also result from contemporary understanding of the condition and perceptions of risk. Chronic and particularly sub-clinical lead poisoning is hard to recognise even in present day and currently often only diagnosed on blood lead levels. Consequently, the condition may have simply become lost amongst the background noise of grumbling ill health and poor social conditions. Lead poisoning is also a great mimicker and many of the symptoms such as anorexia, headache, pallor and dizziness, were associated by many contemporaries with working in 'bad air'. This is the likely explanation for Peacock's failure to associate colic with lead poisoning. He was a chest physician and key focus of the Kinnaird Commissioners was establishing high mortality from respiratory diseases.
There was also a culture of blaming the sufferer which may have obscured the visibility of the condition even further, and victim blame is a common theme running through occupational health histories where good hygiene is required. 91 In terms of lead poisoning amongst mining labour, blame was linked with the deliberate practice of broiling meat on hot pigs of lead straight from the furnace and heavy alcohol consumption. 92 For example, at Leadhills an anonymous correspondent to the Gentleman's Magazine claimed that the health of the smelters had improved in response to a reduction in the quantities of alcohol that they consumed. 93 Moreover, incidence of poisoning particularly amongst the smelters was actually in decline. 95 Doctor George Whitley, a medical registrar at Guys Hospital, had investigated the health risks from working with both lead and mercury, reported that the increased efficiency of the smelting process had significantly reduced the risk of poisoning. 96 The introduction from the late eighteenth century of long horizontal flues that were often up to half a mile in length had reduced exposure to lead fume in the immediate vicinity of the hearth for both workforce and their cattle. Peacock, similarly noted that 'dropping of the hands' had entirely disappeared amongst smelters. 97 In the Alston mining districts increased ventilation at the smelt works been successful in reducing paralysis particularly of the upper limbs, although the workforce continued to suffer colic and constipation, and the practice of flushing the flues with a current water to remove fine particles similarly reduced suffering. 98 In addition to reduced exposure, contemporaries did not expect poisoning to occur.
The lead ore commonly mined in the UK is galena (lead sulphide) which is normally bound in a quartz-silica matrix. It is more biologically inert, or as McCord aptly described, 'reluctantly soluble' and is less well absorbed in the gastrointestinal tract compared to other lead compounds; it has low bio-availability. 99 This gave rise to the widespread belief that only the smelters, primarily due to the small particle size of the fume, were at risk of occupational plumbism. 100 The notion that miners and ore dressers were protected by the purity of the Notwithstanding the lack of production data, there are simply too many variables in operation to suggest that incidence of plumbism was directly related to the production of lead ore. Moreover two conflicting assumptions can be drawn from the limited contemporary understanding of the condition and perception of risk. On the one hand the reduced visibility of the disease explains the low level and scattered incidence of disease, on the other hand it could also suggest that the cases depicted in the historical record were indicative of a much wider problem. Whilst long flues clearly brought health benefits, the men increased their risk by consuming contaminated meat and drinking alcohol and in terms of the purity of the metal, Nriagu, has drawn attention to 'dirty' mines where lead compounds were mixed. 105 It was not uncommon for British lead miners to encounter pockets of lead carbonate whilst working galena, and some miners used the compound to tamp (pack) the explosive charge before firing. Organic surface horizons 1.9-245
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There are also two key extraneous factors that may have increased the risk of poisoning amongst the Tyndrum workforce. Labour employed at the dressing floor particularly in the nineteenth century was predominantly juvenile and consequently more susceptible to absorption of the metal through the gut. Heavy alcohol consumption at the mine was also problematic. James Stirling had to remove farming tenants who regularly supplied the miners with drink, yet he would use alcohol when it suited to resolve industrial disputes. 113 In the nineteenth century the company store keeper, James Crerar, who was Table 2 and 2A, 58-9, Table 3 , 63 and also described as 'addicted to drink', frequently allowed the men whisky from the store irrespective of either their ability to pay or their mounting debts. 114 Although it is impossible to rule out bias in recording and/or lack of recognition and understanding of the disease, Risse has highlighted the role of Edinburgh academics in promoting a greater understanding of lead poisoning in the 1790s. This, he suggested, was prompted by physician and chemist Joseph Black's visit to Leadhills mine and his relationship with the Earl of Hopetoun who owned the mineral rights. 115 Leadhills and Tyndrum mine were both operated by the SMC and both were managed by James Stirling. The Company employed James Martin as a mine surgeon to specifically attend the men. Martin was an exmilitary surgeon who had considerable experience in the Peninsula Wars and the West Indies and was familiar with plumbism from the lead rum stills. 116 As discussed above he had previously expressed concern before the Children's Employment Commission. Although he did not practice at Tyndrum, it is likely that Stirling would have had some awareness of the condition particularly given the problems at Leadhills. The Company under Stirling had responded by introducing long flues in 1806 and relocating the smelter away from the village. 117 The local general practitioner doctor Wilson had advised that the men take regular purgatives and avoid breathing contaminated air to avoid lead colic. 118 The miner's library also contained contemporary volumes on health, 119 and the company operated, albeit rather limited, paternalistic welfare policies at both mines. 120 In contrast to Leadhills, improvements in smelter technology were not introduced at Tyndrum during the SMC's lease. The Company operated a 'Scotch furnace', which was essentially a hearth and a short chimney which discharged an estimated 60% of lead directly 114 NRS GD112/18/9/5/23. 115 Risse, 'Mill Reek in Scotland', pp. 212-219. 116 Harvey, 'Pollution at Leadhills', 31. health problems where individuals were experiencing repeated exposure'. 124 Whilst this has resulted in recent fencing at the site to protect the public it would have posed a significant risk to the workforce if they were exposed to the waste on a daily basis across long periods.
The Macaulay study focused on the twentieth century mill site, consequently an additional analysis of bioavailability at the nineteenth century mill and dressing floor at Glengary and at comparable sites at Leadhills that were operational in the roughly same 124 Ibid p. 14.
lead extracted from sediment samples showed significantly greater quantities in the Tyndrum context (see figure 1 below) . 125 Examining the nature of the lead materials in each sample further reveals that materials from Leadhills were different to Tyndrum and that they are more readily dissolved in stomach acids. Such differences can be attributed to the proportions of different lead compounds found at each site. These results suggest that for the same exposure to the crusher sediments the degree of poisoning would greater amongst the Tyndrum workforce, and at Leadhills the exposure was less than that seen at Tyndrum but the lead due to its ability to readily dissolve was essentially more toxic. These results may explain the greater incidence of occupational poisoning at Leadhills, but again do not explain the absence of occupational plumbism recorded at Tyndrum and indicates that the workforce specifically at this location and also perhaps more widely in the national context were either protected in some fashion or minimally exposed. This 'on-off' practice of working was additionally reinforced by socio-economic factors. Mining labour also farmed, essentially they held duel occupations As Burt points out most miners and their families produced their own basic food requirements, combined mining with either a small-holding or hill-farming and took several months off each year for harvesting and haymaking. 130 The weather and farming combined significantly reduced the amount of time the workforce were exposed to their hostile working environment, and the periods spent away from the mine would have allowed time for the body to recuperate and repair.
Excepting small scale ventures, by the 1840s mining had largely taken precedence over farming. 131 This was in response to increased demand for raw materials, the application of steam power to pumping and winding and the shift towards regular and more disciplined work patterns that had begun in the late eighteenth century. Although site. 136 During one summer drought Thost, employed the entire surface workforce on repairing a dam and lade, originally constructed by the SMC to the west of the site, to both help solve water shortages and ensure that the surface workers had a wage whilst the mine was out of operation. 137 In the nineteenth century the records are littered with comments such as 'dressing suspended due to bad weather', 'hampered by the weather' and 'frost retarded dressing'. 138 The seasonal pattern of operation acting as a protective influence are well illustrated by the circumstances surrounding the isolated poisoning incident amongst the Tyndrum smelters in 1784. This period of ill-health resulted from nine weeks of intense activity in which 394 bars of lead were produced. What was unusual about this period was that it was continuous and defied the usual irregular and seasonal pattern of operation. 139 It was not just the weather that thwarted activity but poor maintenance too. By 1860 the crushing mill at Glengary required constant repair and replacement of the rollers, and was frequently out of action leaving surface labour idle. 140 The men also farmed. The remaining landscape features of the miners' cottages at Tyndrum suggest a kitchen garden and the workforce were also allowed potato ground and grassland for their cattle. 141 By the nineteenth century the men were also keeping pigs. 142 In addition turnips and corn were also raised, 143 and at least two months of every year was spent cutting hay and peat. A reduction in exposure to the contaminated working environment resulting from climate and socio-economic influences can explain the general absence of poisoning at Tyndrum, the environmental legacy at the mine compared with Leadhills, however, challenges this assumption. The Leadhills workforce should have been protected to some extent by similar factors. The mine was located on high bleak moorland between 375 and 475m and similarly struggled with the capricious and often harsh nature of the British weather. 145 The Leadhills workforce also farmed in a comparable part-time fashion to the Tyndrum men with a 'kitchen garden', a plot of land around three acres, they also kept sheep and cattle and would have probably consumed a similar diet. 146 Yet they suffered poisoning, whereas the Tyndrum men despite being exposed to lead that was more available did not. This prompted the question why and prompted further scrutiny resulting in a more nuanced and deeper understanding of the 'on-off' pattern of operation.
The ore deposits at Leadhills were more extensive and much more economically viable than at Tyndrum. Excepting lawsuits over water rights in the 1840s and 1850s, the mining venture witnessed successful and continuous operation across its history. In addition the mineral owner, the Earls of Hopetoun were concerned with the long term development and maintenance of the mine, as discussed above the smelting process was improved and steam power was also harnessed from the early 1800s. 147 This resulted in the workforce being exposed to less available lead but for a much longer and consistent period. Whereas operations at Tyndrum were speculative resulting in continual changes in leaseholders who gambled on making a profit interspersed by lengthy periods of abandonment amounting to 85 years of its 198 year history (see table one). Whilst this reduced long term exposure to lead, the short term seasonal pattern of working was, particularly in the 19 th century, also taken to the extreme, mining activity at Tyndrum was essentially a pretence. It is likely that these factors explain the absence of poisoning despite the high levels of available lead.
At the end of the eighteenth century when the viable ore was exhausted at Tyndrum the SMC had astutely pulled out of operations and concentrated their activities at Leadhills. 145 Harvey, 'Pollution at Leadhills', 130.
The second marquis, as discussed above, took a gamble on re-opening Tyndrum despite its limited potential. 148 The venture, was as manager Sigmund Reichendorf, described, no different to the marquis's 'emu, and deer and pheasants and a museum and other remarkable things for your pleasure, not for any use'. 149 It was essentially a show mine. In addition to the stoppages at the mine for bad weather, poor maintenance and farming duties, the men although employed, rarely fulfilled their bargains. There was no incentive for them to labour as they were given credit at the company store and tenancies on their houses irrespective of their debts or ability to pay. The men were described as 'lazy', as 'perfect invalids' and were frequently too drunk to labour. Industrial relations were poor and when the miners were at work they would often down tools. 150 This all had a knock on effect on surface labour who often had no work because they had simply run out of ore to It is impossible to assess the extent to which the very specific circumstances at Tyndrum mine mirror the wider context without much more focused research. Burt notes that partnerships of miners would combine to defraud mineral owners, alongside theft which was 'as old and widespread as mining'. 155 It was also not uncommon for miners to disguise good quality ore for example blackening it with candle smoke in an attempt to 148 Moreton, 'Lead Mines of Tyndrum', 57-95.
149 NRSGD112/ 18/9/5/25.
150 NRS GD112/18/9/5/17.
151 NRS GD112/18/9/5/13.
152 NRS GD112/18/9/6/10/13. negotiate more favourable terms. 156 At Tyndrum mine, however it was more complex than straightforward fraud and theft, in that the men took credit at the company store but were rarely at work and consequently their exposure to the hazardous working environment was limited. They were, however, not without risk of environmental exposure, their cottages were located at Clifton (now subsumed into Tyndrum) at the foot of Minehill roughly 1.5 kilometres downwind of the mine and would have been exposed to windblown pollution particularly during the dry summers. Moreover, up until the early twentieth century the settlement also shared its water supply with the mine. 157 The relationship between production and pollution does not follow strongly through into health and incidence of occupational plumbism correlates more persuasively with the length of time the workforce were exposed to the contaminated environment. The hazards of working with lead ore were moderated by diet but primarily by the seasonal nature of operation in the pre-industrial phase of mining and the adoption of a duel occupation. This minimised contact with the metallic ore, particularly the more available compounds such as lead carbonate. It also allowed the body periods of recuperation. At Tyndrum mine in the nineteenth century an intermittent pattern of working was taken to the extreme and appears to be unique. The men were rarely at work and consequently their exposure to the hostile working environment was minimised further.
Although Tyndrum mine did not introduce steam power and regular working hours as mining industrialised, in the wider context this heralded new and more pressing occupational health problems in the form of respiratory disease for the miners whilst simultaneously reducing the number of surface workers exposed to the heavy metal. By the opening decade of the twentieth century the documentary evidence suggests that occupational poisoning amongst mining labour had ceased to be a problem. At Tyndrum mine even during periods of abandonment given the elevated lead concentrations and the bio-availability of the compounds revealed in the environmental record coupled with a shared water supply and the close proximity of their homes and small holdings to the mine it is unlikely that their risk was wholly zero.
The adoption of an integrated approach that combined traditional documentary evidence with the environmental record facilitated a deeper more resonant history. Lead, although it is moved by wind and water, does not degrade and consequently the current legacy opens a wide window onto the historic working environment and the high levels of contamination to which the workforce were potentially exposed to. This shaped and directed the original research questions and subsequently initiated the exploration of protective factors given the discovery of a low incidence of occupational plumbism amongst the workforce. It also helped plug the gap in the absence of mortality and morbidity data and prompted a deeper scrutiny of the documentary record that has increased qualitative knowledge and understanding of the historic risk of occupational exposure to lead.
